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Abstract  
The ν3 vibrational band of H2O at 2.67 µm was 
observed with the high spectral-resolution channel of 
the Visible InfraRed Thermal Imaging Spectrometer 
(VIRTIS-H) onboard Rosetta. The spectral resolution 
is adequate to resolve the rovibrational structure of 
the band. High signal-to-noise ratios allow us to 
measure both the rotational temperature and the 
ortho-para ratio of water (OPR) in comet 67P/C-G.  
The measured OPR value will be presented and 
compared to measurements obtained in other comets 
from ground-based and space telescopes. 
1. Introduction 
Molecules with H atoms at symmetrical positions 
may exist in different nuclear-spin species, e.g. ortho 
and para species for molecules with two H atoms. 
The ortho-para ratio (OPR) of water has been 
measured in several comets from high and medium 
resolution spectroscopy in the infrared [2, 6, 7]. Most 
measurements indicate a spin temperature within 25–
35 K, though some comets exhibit higher spin 
temperatures, corresponding to an equilibrated OPR. 
No relationship was found between the spin 
temperature and the comet dynamical origin, or with 
the heliocentric distance at which the comets were 
observed, and their volatile composition. Un-
equilibrated spin temperatures might be related to the 
temperature environment of the species in the 
nucleus or even before, i.e., they could indicate that 
molecules formed at ~30 K or were last processed at 
about 30 K [2]. However, quantum mechanics 
calculations show that the inter-conversion between 
para and ortho H2O states is very fast inside the ice 
[3], so that the actual spin temperatures measured in 
cometary atmospheres might depend both on the ice 
temperature and of the evaporation history of the ice. 
Thermal desorption might be more efficient for para-
water than for ortho-water according to [8]. 
Experiments show that thermal desorption could 
clear the memory of the OPR stabilized at low ice 
temperature (see review of [9]).  
 
2. VIRTIS-H observations 
Since July 2014, the Visual IR Thermal Imaging 
Spectrometer (VIRTIS) onboard the ESA’s Rosetta 
spacecraft has intensively observed comet 67P/ 
Churyumov-Gerasimenko [4]. VIRTIS is composed 
of two channels, –M for mapping and –H for high 
resolution, working in the 0.25-5 µm and 2-5 µm 
wavelength domains, respectively [5]. Limb 
observations were carried out to obtain spectra of the 
coma, and to detect fluorescence emissions of gas 
phase species. The ν3 vibrational band of H2O at 2.67  
µm was detected in mid-October 2014 using 
VIRTIS-H, and is observed regularly since then [1] 
including from VIRTIS-M [3].  
 
A sample VIRTIS-H spectrum of the water band 
acquired when the water production rate was 
typically 1026 mol/s is shown in Fig. 1. This spectrum 
is an average of the observations acquired from 
December 2014 to January 2015 and has a signal-to-
noise on the band area larger 100 [1]. Similar SNRs 
were obtained in March 2015 for typical total 
integration times of 3-4 h due to the increasing 
activity of the comet and increased fluorescence 
emission related to closer distance to the Sun.  
 
3. Ortho/para ratio  
Determining the OPR from the VIRTIS-H spectrum 
requires modelling the fluorescence emission of the 
water ν3 band, following, e.g., [6, 7] who determined 
the OPR in comets C/1995 O1 (Hale-Bopp) and 
103P/Hartley 2 from observations with the Infrared 
Space Observatory of the same water band with 
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similar spectral resolution as VIRTIS-H. Weak water 
bands present rovibrational lines blended with 
lines (Fig. 1), and their contribution  requires to
considered for best accuracy in the OPR 
determination. A model considering the op
thickness of the ν3 water lines is used for analysing 
observations obtained near perihelion.  The OPR 
inferred value and possible variations in the coma 
will be presented and compared to values measured 
in other comets.  
 
Figure 1: VIRTIS-H spectrum of the 2.7 µm band of 
water (green). Data from 4 December 2014 to 24 
January 2015. A fluorescence spectrum with infinite 
spectral resolution is shown with ortho and para lines 
in red and blue, respectively. This range presents also 
lines of the water ν1 band (black) and of water 
bands. 
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